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® Cross polarization interference canceller. 



(§) Disclosed is a cross polarization interference canceller in which the ability to cancel interference polarization 
is improved by providing a phase difference detecting circuit (49) for detecting a phase difference between the 
main polarization and the interference polarization component of the main polarization, and a phase shifter (45) 
for shifting the data discrimination clock signal of the interference polarization wave component. 
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CROSS POLARIZATION INTERFERENCE CANCELLER 

BACKGROUND OF THE INVENTION 

5 (1) Field of the Invention 

The present invention relates to a cross polarization interference canceller in a digital radio transmis- 
sion. 

By using orthogonal planes of polarization (vertical polarization and horizontal polarization) in the same 
10 frequency band, the transmission capacity can be doubled, in comparison to a transmission with a single 
polarization, and thus the frequency is used In a more efficient manner. 

Nevertheless, multipath fading, etc., on a transmission path tend to blur the discrimination between the 
polarizations, and to prevent this blurring of discrimination, a cross polarization interference cancelling 
technique is used at the receiver side. 



Description of the Related Art 

In a conventional cross polarization interference canceller, a time difference between the main 
20 polarization and the interference wave component is not taken into consideration, and therefore, the ability 
to cancel the cross polarization interference is not satisfactory, as later described in more detail with 
reference to the drawings. 



25 SUMMARY OF THE INVENTION 

An object of the present invention is to increase the ability to cancel the interference polarization in an 
interference polarization canceller. 

To attain the above object, according to the present invention, there is provided a cross polarization 

30 interference canceller comprising: first and second demodulators for receiving a main polarization and a 
cross polarization that have orthogonal planes of polarization, respectively, of a transmitted signal and 
demodulating the transmitted signal by a synchronous detection; a clock signal regenerating circuit for 
regenerating a data discrimination clock signal from the main polarization received by the first demodulator; 
a first A/D converter for sampling a demodulated signal of the main polarization output from the first 

35 demodulator by using the data discrimination clock signal to obtain a demodulated digital signal of the main 
polarization; a phase shifter for shifting a phase of the data discrimination clock signal: a second A/D 
converter for sampling a demodulated signal of the cross polarization output from the second demodulator 
by using an output of the phase shifter to obtain a demodulated digital signal of the cross polarization; an 
interference wave component extracting means for extracting an interference wave component with respect 

40 to the main polarization from an output of the second A/D converter; a subtracter for subtracting an output 
of the interference wave component extracting means from an output of the first A/D converter; and a phase 
difference detecting means for detecting a phase deviation of the interference wave component with respect 
to the main polarization from outputs of the Interference wave component extracting means and the 
subtracter. 

45 The phase shifter is controlled by an output of the phase difference detecting means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so The above object and features of the present invention will be more apparent from the following 
description of the preferred embodiment, wherein: 

Rg. 1 is a block diagram showing an example of a conventional cross polarization interference 
compensator; 

Fig. 2 is a view for explaining problems in the conventional system; 
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Fig. 3 is a view for explaining a time delay of an interference wave interfering with a main polari 

zation; 

Rg. 4 is a principal block diagram of an embodiment of the present invention; 
Fig. 5 is a detailed block diagram of the embodiment of the present invention; 
5 Fig. 6 is a block diagram of the inclination discriminating circuit in the equipment shown in Fig. 5; and 

Figs. 7 and 8 are graphs showing the relationships between error signals of a main polarization and 
phase differences of an interference wave for the main polarization. 



TO 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

For a better understanding of the present invention, the conventional equipment and the problems 
therein will be first described with reference to Rgs. 1 to 3. 
75 Rgure 1 Is a block diagram showing an example of a conventional cross polarization interference 
canceller. 

In the figure, received vertical and horizontal polarizations are demodulated by demodulators (DEM) 1 1 
and 12 and converted by A/D converters 13 and 14 into demodulated digital signals, respectively. The A/D 
converters 13 and 14 sample the polarizations by a data discrimination clock signal regenerated in a clock 

20 signal regenerating circuit 15 by the vertical polarization, i.e.. main polarization received by the demodulator 
11. Since the main polarization, i.e.. the vertical polarization contains part of the horizontal polarization as an 
interference wave component, a digital cross polarization interference compensator (digital XPIC) 16 
removes the interference wave component from the main polarization to obtain a correct main polarization 
reception signal. Generally, the XPIC 16 Is a transversal type unit. 

25 In the above-mentioned conventional canceller. If a time difference exists between the interference wave 
component contained in the main polarization and the cancelling interference wave component, i.e.. the 
cross polarization, the time difference may lower the capacity to cancel the cross polarization wave 
interference. This will be explained with reference to Rgs. 2 and 3. 

In Rg. 2. a signal including both polarizations from a transmitter 21 Is radiated as a vertical (V) 

30 polarization and a horizontal (H) polarization from an antenna 22. the signal is received by an antenna 23 
and separated Into the vertical (V) polarization and the horizontal (H) polarization by a receiver 24, and then 
a cross polarization interference canceller XPIC 25 removes an interference wave component. 

In this case, in a transmission path between the antennas 22 and 23. part of the horizontal polarization 
interferes with the vertical polarization to form an Interference wave component ® . which is removed by 

35 using the horizontal polarization as a compensating interference wave component ®. Nevertheless, if a 
time difference exists between the wave components ® and @ at inputs of the XPIC 25. the cancelling 
capacity will be reduced. 

Rgure 3 shows an example of the time difference. 

In the figure, reference marks t-2, t-1. to. ti. tz. ta, .... are data discrimination timings of a data 
40 discrimination clock signal output to the A/D converters 13 and 14. For simplicity, the cancelling interfer- 
ence wave is shown as an Impulse at the time ti . The interference wave on the main polarization is delayed 
and input to the XPIC 16 at a time t^ which is assumed to be a timing other than the data discrimination 
timing. At the data discrimination timings to. ti. tz and ta. the XPIC 18 subtracts the cancelling interference 
wave component from the main polarization to remove the interference wave component on the main 
45 polarization, and thus bring errors in the main polarization to zero. But, it is impossible to reduce the errors 
to zero at timings other than the discrimination timings, and therefore, the delayed interference wave at the 
time tx cannot be removed. This is because the sampling is carried out at a frequency band width which is 
less than double the frequency band width of the transmission signal according to a sampling theorem and. 
therefore, data having a frequency exceeding the sampling frequency cannot be reproduced. As described 
50 above, since the interference wave at the time tx remains in the main polarization, a cancelling capacity of 
the conventional cross polarization interference canceller is reduced. 
An embodiment of the present invention will now be described. 

Figure 4 is a principle block diagram of a cross polarization interference canceller according to an 
embodiment of the present invention. 
55 In the figure, a cross polarization interference canceller according to the present invention comprises 
first and second demodulators 41 and 42, a clock signal regenerating circuit 43. a first A/D converter 44, a 
phase shifter 45. a second A/D converter 46.. an interference wave component extracting circuit 47, a 
subtracter 48, and a phase difference detecting circuit 49, The first and second demodulators 41 and 42 
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receive a main polarization and a cross polarization having orthogonal planes of polarization, respectively, of 
a transmitted signal, and demodulate the transmitted signal by a synchronous detection technique; the 
clock signal regenerating circuit 43 regenerates a data discrimination clock signal by the main polarization 
received by the first demodulator 41 ; the first A/D converter 44 samples a demodulated signal of the main 

5 polarization obtained at an output of the first demodulator 1 in response to the data discrimination clock 
signal and provides a demodulated digital signal of the main polarization; the phase shifter 45 shifts a phase 
of the data discrimination clock signal in response to an output of the phase difference detecting circuit 48: 
the second A/0 converter 46 samples a demodulated signal of the cross polarization obtained at an output 
of the second demodulator 42 and provides a demodulated digital signal of the cross polarization; the 

10 interference wave component extracting circuit 47 extracts an interference wave component with respect to 
the main polarization from an output of the second A/D converter 46; the subtracter 48 subtracts an output 
of the interference wave component extracting circuit 47 from an output of the first A/D converter; and the 
phase difference detecting circuit 49 detects a phase deviation of the interference wave component with 
respect to the main polarization in response to the outputs of the interference wave component extracting 

75 circuit 47 and subtracter 48. 

In operation, the phase difference detecting circuit 49 detects a phase difference of the interference 
wave with respect to the main polarization, and a phase of the data discrimtnaton clock signal is shifted by 
the phase shifter 45 in accordance with the phase difference. Therefore, even if the interference wave 
interfering with the main polarization is delayed with respect to the cross polarization, the Interference wave 

20 component can be removed at a data discrimination timing of the data discrimination clock signal. 

Rgure 5 is a block diagram showing in more detail the cross polarization interference canceller 
according to the embodiment of the present invention. 

In the figure, reference numerals 51 to 59 correspond to reference numerals 41 to 49 of the principle 
block diagram of Rg. 4. The interference wave component extracting circuit 47 is realized in Rg. 5 by a 

25 transversal filter 57; the subtracter 48 in Rg. 5 is realized by a digital cross polarization interference 
canceller PCPIO) 58; and the phase difference detecting circuit 49 is realized in Rg. 5 by a phase difference 
detecting circuit 59, which comprises an inclination discriminating circuit 591, an exclusive OR gate 592, a 
discriminated result latching flip-flop 593, and a loop filter 594. 

The inclination discriminating circuit 591 discriminates an inclination of an interference wave. i.e.. a 

30 cross polarization, as positive ("0") or as negative ("1 ") by using a technique to be described later. 

The exclusive OR gate 592 operates an exclusive logical sum of the atx>ve-mentioned inclination and 
an en^or signal in an output of the main polarization and provides a discriminated result to a data input 0 of 
the flip-flop 593. If the Inclination can be determined, the inclination discriminating circuit 591 sends a signal 
*1" to a clock input C of the flip-flop 593 to latch the discriminated result in the flip-flop 593. If the 

35 inclination can not be determined, the inclination discriminating circuit 591 sends a signal "0"'to the clock 
input 0 of the flip-flop 593, to hold the previously latched data in the discriminated result latching flip-flop 
593. 

The loop filter 594 carries out an integration calculation of the output of the discriminated result latching 
flip-flop 593. The Integrated amount indicates a phase deviation by which the interference wave component 
40 is to be shifted with respect to the main polarization. Therefore, a phase in the phase shifter 55 is shifted 
according to the integrated amount so that a data discrimination timing of the A/D converter 56 Is 
automatically adjusted. 

The following table shows the relationship between an inclination of the interference wave component 
extracted at an output of the transversal filter 57, the error signal In the regenerated signal obtained at the 
4S output of the subtracter 58. and an output of the exclusive OR gate 592. 



INCLINATION OF 
INTERFERENCE WAVE 


MAIN 
POLARIZATION 
ERROR 


OUTPUT OF EOR 
592 


POSITIVE 


0 


TO ADVANCE (0) 


(O) 


1 


TO DELAY (1) 


NEGATIVE 


0 


TO DELAY (1) 


(1) 


1 


TO ADVANCE (0) 



As shown in the above table, a positive inclination Is expressed as '"O". a negative Inclination is 
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expressed as "1 to advance of a timing of the' interference wave with respect to the main polarization is 
expressed as "0" and to delay same is expressed as "1". Accordingly, the following is established: 

Inclination of the interference wave © Error signal of the main polarization = Timing of the interference 
wave. 

5 Here the mark © represents the exclusive logical sum. 

Rgure 6 is a block diagram of an example of the construction of the inclination discriminating circuit 
591 shown In Fig. 5. 

As shown in Fig. 6, the inclination discriminating circuit 591 is constructed by flip-flops 61 and 62 and a 
read only memory (ROM) 63 for storing a table in which the relationships between the input values a, b, and 

70 c and the output indicating position or negative inclination are stored. The value a is supplied from the 
output of the transversal filter 57 to the input of the flip-flop 61; the value b is the input of the next-stage 
flip-flop 62; and the value c is the output of the flip-flop 63. The ROM 63 can determine the inclination by 
evaluating the input values a. b, and c. 

Rgure 7 is- a graph showing an" example of the relationship between the error signal and the main 

75 polarization. In the figure, THi , TH2 , TH3 , .... represent, threshold levels for discriminating the levels of the 
main polarization, and the curve represents the main polarization. The inclination of the curve in this 
example is negative. The horizontal dotted line provided at the half level between adiacent threshold levels 
THi and TH2 represents an error threshold level THe for discriminating the error signal of the main 
polarization. In the example shown in Rg. 7. the main polarization at the discriminating timing tx is higher 

20 than the error threshold level THg by b x a. Namely, the error signal in this example is "1 This error signal 
is considered to have been caused by the interference of the interference wave component with the main 
polarization. 

Rgure 8 is a graph showing an example of the interference wave, wherein the inclination of the curve of 
the interference wave is positive, i.e., "0". As shown in the Rgure. at a time to , the discrimination level of 
25 the interference wave is "a"; at a time ti , the discrimination level of the interference wave is "b"; and at a 
time t2 , the discrimination level of the interference wave Is "c". Therefore, due to the positive inclination, 
the relationship, a < b < c. is satisfied. 

Refening to Rgs. 7 and 8, if the discrimination level of the interference wave at the discriminating 
timing tx Is "b", the digital XPIC 58 subtracts a value b x a from the main polarization, and thus the error 
30 signal at the output of the XPIC 58 is made zero. 

If the discrimination level of the interference wave at the discriminating timing tx is "a", the digital XPIC 
58 subtracts the value a x a from the main polarization, and in this case, the error signal of the main 
polarization after the subtraction will be "1" at the discrimination timing tx Since the inclination of the 
interference wave is "0" in this example, and since the error signal is "1 " as mentioned above, the output of 
35 the EGR gate 592 is "1 and thus the phase of the interference wave is delayed, as can be seen from the 
Table above. 

Conversely, if the phase of the interference wave lags behind the phase of the main polarization, a 
value "c X a" (c> b) is subtracted from the main polarization by the XPIC 58, and thus the error signal of 
the main polarization after the subtraction is "0" at the discrimination timing tx. Since the inclination is "0" 
40 and the error "0" in the above table, the phase of the interference wave is advanced. 

Similarly, if the inclination of the interference wave is negative ("1 the error signal is processed in 
accordance with a delay or an advance of the phase. 

To obtain an inclination of the interference wave, three consecutive times to . tt . and t2 . for example, 
are considered, and therefore, if the signal level is monotonously increased, the inclination is considered to 
45 be positive, and if the signal is monotonously decreased, the inclination is considered to be negative. 

The interference wave may not always have a monotonously increased inclination or a monotonously 
decreased inclination, even when the levels at the consecutive timings represent a monotonous increase or 
decrease. For example, the interference wave may be changed between two discriminating timings along a 
parabolic orbit, but even in this case, by storing simulated results in the ROM 63. a discriminating result 
50 showing whether the clock phase should be advanced or delayed can be appropriately obtained at the 
output a of the ROM 63. 

Note that the other output e of the inclination discriminating circuit 591 or the ROM 63 indicates that 
discrimination of the inclination was impossible, and in this case, the latching circuit 593 receives "0" at the 
clock input C thereof, and thus the latching circuit 593 holds the previous state. 
55 As described above, according to the present invention, a phase of an interference wave is shifted in 
response to a phase deviation of an interference wave component with respect to a main polarization, and 
as a result, in a cross polarization interference canceller, the capacity for cancelling a cross polarization 
interference is remarkably improved. Unlike the prior art, in which a cancelling amount is varied at the cycle 
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of a data discrimination cfocfc signal,, the present invention provides an effect whereby an optimum 
continuous cancelling amount without cyclical variation is obtained. 



5 Claims 

1 . A cross polarization interference canceller comprising: 

first and second demodulators (41 . 42) for receiving a main polarization and a cross polarization that have 
orthogonal planes of polarization, respectively, of a transmitted signal and demodulating said transmitted 
70 signal by a synchronous detection: 

a clock signal regenerating circuit (43) for regenerating a data discrimination clock signal from said main 
polarization received by said first demodulator (41); 

a first A/D converter (44) for sampling a demodulated signal of said main polarization output from said first 
demodulator (41) by using said data discrimination clock signal to obtain a demodulated digital signal of 
75 said main polarization; 

a phase shifter (45) for shifting a phase of said data discrimination clock signal; 

a second A/D converter (46) for sampling a demodulated signal of said cross polarization output from said 
second demodulator (42) by using an output of said phase shifter to obtain a demodulated digital signal of 
said cross polarization; 

20 an interference wave component extracting means (47) for extracting an interference wave component witti 
respect to said main polarization from an output of said second A/D converter (46); 

a subtracter (48) for subtracting an output of said interference wave component extracting means (47) from 
an output of said first A/D converter (44); and 

a phase difference detecting means (49) for detecting a phase deviation of said interference wave 
25 component with respect to said main polarization from outputs of said interference wave component 
extracting means (47) and subtracter (48). 

said phase shifter (45) being controlled by an output of said phase difference detecting means (49). 

2. A cross polarization interference canceller as claimed in claim 1, wherein said phase difference 
detecting means (49) comprises an inclination discriminating circuit (591) having an input connected to an 

30 output of said interference wave component extracting means (47). having a first output operatively 
connected to said phase shifter (45). for discriminating an inclination of said irrterference wave component 
with respect to said main polarization, and having a second output for providing an output signal indicating 
whether or not a discrimination of said inclination is possible. 

3. A cross polarization interference- canceller as claimed in claim 2, wherein said phase difference 
35 detecting means (49) further comprises an exclusive OR gate (592) having a first input connected to a first 

output of said inclination discriminating circuit (591), a second input connected to an output of said 
subtracter (48) and an output operatively connected to an input of said phase shifter (45), whereby an 
output of said exclusive OR gate (592) provides a discriminated result indicating whetiier a phase of said 
interference wave component should be advanced or delayed. 

40 4. A cross polarization interference canceller as claimed in claim 3. wherein said phase difference 
detecting means (49) further comprises a discriminated result latching flip-flop (593) having a latching input 
connected to an output of said exclusive OR gate, a clock input connected to a second output of said 
inclination discriminating circuit (591). and an output operatively connected to said phase shifter (45) 
whereby, when said inclination discriminating circuit (591) discriminates an inclination of tiie interference 

45 wave component, the discriminated result is latched in said discriminated result latching flip-flop (593). and 
when said inclination discriminating circuit (591) can not discriminate the inclination, said discriminated 
result latching flip-flop (593) holds previous data. 

5. A cross polarization interference canceller as claimed in claim 4. wherein said phase difference 
detecting means (49) further comprises a loop filter (594) having an input connected to an output of said 

50 discriminated result latching flip-fiop (593) and having an output connected to an input of said phase shifter 
(45). for integrating an output of said flip-flop (593). 

6. A cross polarization interference canceller as claimed in claim 5. wherein said discriminated result 
latching fiip-flop (693) latches a discriminated result indicating whether a phase of said interference wave 
component should be advanced or delayed and output from an output of said exclusive OR gate (592), and 

55 holds latched data when a clock input of said discriminated result latching flip-flop (593) receives a 
discriminated result indicating that a discrimination was impossible and output from a second output of said 
inclination discriminating circuit (591). 
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7. A cross polarization interference canceller as claimed in clainn 5, wherein said inclination dis- 
criminating circuit (591) includes a first flip-flop (61) having a latching input connected to an output of said 
interference component extracting circuit (47). a second flip-flop (62) having a latching input connected to 
an output of said first flip-flop (61), and a read only memory (63) having a first input connected to an output 

5 of said interference component extracting circuit (47). a second input connected to an output of said first 
flip-flop (61). and a third input connected to an output of said second flip-flop (62), for storing data of 
inclinations con'esponding to a combination of said first, second and third inputs of said read only memory 
(63), said read only memory (63) having a first output connected to a first input of said exclusive OR gate 
(592), for providing a discriminated result of the inclination, and having a second output connected to a 

10 clock input of said discriminated result latching flip-flop (593), for providing an enable signal to be applied to 
a clock input of the discriminated result latching flip-flop (593) when discrimination is possible. 

8. A cross polarization interference canceller as claimed in claim 1 , wherein said subtracter (48) is a 
digital cross polarization interference canceller (XPIC). 

9. A cross polarization interference canceller as claimed in claim 1 , wherein said interference compo- 
T5 nent extracting circuit (47) is a transversal filter. 

10. A cross polarization interference canceller as claimed in claim 1, wherein an output of said loop filter 
(594) indicates an amount of shift of a phase of said interference wave component. 



20 



2S 



30 



35 



40 



45 



50 



55 



BNSDOCID: <EP_ 0307950A2_I_> 



EP 0 307 950 A2 






i 




Q 

5- 







u. 



fee 
en 

LlJ 

liJ 
UJ 




2 


to 




2 


UJ 


~i 




UJ 


Q 






Q 











CVJ 



_l< 

< M 

fc < 

LlJO 
> Q- 



O 

^< 

oo 

XQL 



> UJ X 
UJ 

q: 

a: 
u 



cvi 

(M 




CVi 



q: 
u 



CO 

< 
q: 



BNSDOCID: <EP_ 



_0307950A2_f_ 



EP 0 307 950 A2 




BNSDOCID: <EP 0307950A2_I_> 



V 

EP 0 307 950 A2 



^ 3 



CL 







q: 




1x1 




RT 




Lii 




> 








o 




o 


pu 


Q 


CM 





M 

<o 
So. 



CO 
CO 

o 

QC 



O 

1—1 

< 

o 

CL 



BNSDOCID: <EP 0307950A2_t_> 



7 



EP 0 307 950 A2 




BNSDOCID: <EP_ 



_0307950A2_L> 



EP 0 307 950 A2 



Fig. 7 



TH 



MAIN POLARIZATION 




I ^ ^ I 

TIMING PHASE 
INTERFERENCE WAVE OF POSITIVE INCLINATION 



® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



® Publication number: 



0 307 950 

A3 



EUROPEAN PATENT APPLICATION 



@ Application number: 88115248.2 
@ Date of filing: 16.09.88 



© Int. CI.5- H04B 7/00 



@ Priority: 18.09.87 JP 232485/87 

® Date of publication of application: 

22.03.89 Bulletin 89/12 

® Designated Contracting States: 
DE FR GB IT 

@ Date of deferred publication of the search report: 

12.09.90 Bulletin 90/37 



© Applicant: FUJITSU LIMITED 

1015, Kamikodanaka Nakahara-ku 
Kawasaki-Shi Kanagawa 211(JP) 

© Inventor: Iwamatsu, Takanori Fujitsu 
Murasakizuka-ryo 
1-13-14 l\/lurasakizuka Otawara-shi 
Tochigi 324<JP) 
Inventor: Nozuo, Yoshihiro 
8-35, Yamato-cho Nishlnasuno-machi 
Nasu-gun Tochigl 329-27<JP) 



© Representative: Lehn, Werner, Oipl.-lng. et ai 
Hoffmann, Eitie & Partner Patentanwatte 
Arabellastrasse 4 
D-8000 Munchen 81(DE) 



© Cross polarization interference canceller. 

® Disclosed is a cross polarization interference 
canceller in which the ability to cancel interference 
polarization is improved by providing a phase dif- 
ference detecting circuit (49) for detecting a phase 
difference between the main polarization and the 



interference polarization component of the main po- 
larization, and a phase shifter (45) for shifting the 
data discrimination clock signal of the interference 
polarization wave component. 



Fig, 4 

PRINCIPAL BLDCK DIASRAM OF INVENTION 



CO 

< 

o 
m 
o 

rs 

CO 



in 



MAIN 
POLARIZATION 



± 



1 St 

DEMODULATO R 



44 
i_ 



,48 



I St 

a/q converter 



CLOCK SIGNAL 
REGENERATING 
CIRCUl T 



CROSS 

POLARIZATION 



1 



43 



T 



SUBTRACTER 



.45 



,49 



PHASE SHIFTErH'^*^'^^^ DIFERENCE 
^DETECTING CIRCUIT 



2nd 

DEMODULATOR 



2nd 

A/D CONVERTER 



47 



INTERFERENCE 
MCOMPONENT EXTRACTING 
CIRCUIT 



Xerox Copy Centre 



European Patent 
Oflice 



EUROPEAN SEARCH REPORT 



Application Number 



EP 88 11 5248 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CI.4 ) 



EP-A-183274 (NEC CORPORATION) 

* abstract: figures 3, 4 * 

EP-A-111931 (NEC CORPORATION) 

* abstract; figure 4 * 

* page 3, lines 11 - 18 * 

PATENT ABSTRACTS OF JAPAN 

vol. 10, no. 82 (E-392) 2 April 1986, 

& JP-A-60 229439 (NIPPON DENSHIN DENWA KOSHA) 14 

November 1985, 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 

vol. 13, no. 450 ( E-830)( 3798) 11 October 1989, 
& JP-A-01 174038 (NIPPON TELEGRAPH AND TELEPHONE 
CORPORATION) 10 July 1989, 

* the whole document * 

EP-A-244779 (SIEMENS AG) 

* abstract; figures 1, 3, 4, 7-9 * 

* column 2, line 17 - column 3, line 32 * 



The present search report has been drawn up for all claims 



Place orsrarch 

THE HAGUE 



Date of comp(c(km of thft search 

12 JULY 1990 



1. 6, 
7-9 



1. 8-10 
1. 8, 10 



H04B7/00 



1. 8, 9 



1, 8, 9 



TECHNICAL FIELDS 
5EARCFIED (Int. CI.4 ) 



H04L 
H04B 



SCRIVEN P. 



o 

a. 



CATEGORY OF n iT.D OOCTJMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with annther 

document of the same categnry 
A : technological background 
O : non-ivrilten disclosure 
P : intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



BNSDOCID: <EP 0307950A3^L> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

P IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ faded TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



